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PREFACE 

Tlic purpose of the OrbiUii Service Module Systems Analysis Study has been 
to investigate potentially feasible system concepts for providing additional 
power, thermal control, and attitude control to the baseline Orbiter in order 
to supjjort a greater variety of space missions and to extend the Orbiter’s 
ability to remain in orbit, The result of these analyses has led to an incre- 
mental growth plan that offens the flexibility of adding capability as, and 
when, it is needed in order to satisfy emerging user reciuirements, 

The study consists of three documents: 


Volume 1 Executive Siinnmny | 

Volume 2 Technical Report 
Volume 3 Program Plan 

Questions regarding this study activity should be directed to: 

• Jerry Craig/Code AT2 

Manager, Orbital Service Module Systems Analysis Study 
National Aeronautics and Space Administration 
Lyndon 13. Johnson Space Center 
Houston, Texas 77058, (713) 483-2703 

• C, J. DaRos (or D. C. Wenslcy) 

Study Manager, Orbital Service Module Systems Analysis Study 
McDonnell Douglas Astronautics Company - Huntington Beach 
Huntington Beach, California 92647, (714) 896-1886 
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INTRODUCTION 
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l‘a> liuiis ptannoil for use with the Orhitor will 
Iv ilesi)!iK‘il to UNO the w ide variety of services 
it oilers In aiKlition to launch aiul recovery, 
this .i.chiiles services such as power, heal rejec- 
tion. data aci|uisilion, coininunications, and 
altitude orientation Analysis of potential 
niissions for the l‘>KI-lo-l‘>‘>l time period has 
indicated laat l!ie demand for these services in 
leriti ofi|uantity and the duration of their 
on-ortv| availability is steadily increasmi;. lo 
meet tlu> increasmt: demand for orbital services, 
the capabilities offered by the SIS must underito 
an evolutionary {:rowlh. 

Ihe Orbital Service Module Systems Analysis 
Study ex.miined the likely operational reipiire- 
menls for power and other services expected 
durini: the early years of Shuttle operation and 
attempted lo define a realistic evolutionary pro- 
jrram of capability jirowlii responsive lo Ihe needs 
of users. In accomphshmt! this task, the Orbital 
•Service Module (OSMi study addresseil and 
answered Ihe following! tpieslions: 

• WIIAI ARI III! I'ROJIC II 1) Kl Ul'IRI - 
Ml MS I OR ORIIII Al Sm’ORI SIR- 
Vl( I S I IIROlKill Nil M XI 1)1 ( ADI ’ 

• \MIA I I V'OLI' IIONARN I’A I II Of SS S- 
N M 1)1 \ I lOl'MI M IS MOSI Rl SI’ON- 
SlVf lO NSI R M I l)S’ 

• WIIAI INIIIAI. Sfl I'SIIOUU) m 
l AKI N ' 

• Will Rf 1)01 S IMIS INIIIAL SH I' 

LI AD ’ 

• WIIAI 1)1 SION (ONSIDI RAMONS ARI. 
kl V IN I’ROVIDINC LULL SUIM'OR I 

( Al’Aim ifV lOR MU. I’A S LOADS’ 

• WIIA I SVSn M 1)1 SKiN ( ()N( I I’fS 
MM T nil I Ul L-( Al’Ami.l IA 
RIODIRI MIMS? 


• HOW (OULD nil I I'Ll -CAI’AHII.in 
( ()N( I I’T HI 1)1 I’LOVI I) AND 

Will Rf WOl'LD If NORMALLY 
Ol’l RAH ? 

• WIIAI ARf Mil HASI( I’R(M:RAM- 
MAIK Ol’IlONS A\ AILAIH.I foR MU 
1)1 VI lOl’MI Nl Ol I Dll'RI SSSfl M 
CAI’AIUI MV? 

In respoiulint! lo these i|ueslions. Ihe study con- 
firmed Ihe neeil for an immediate increase in 
the power and duration in orbit offered lo pay- 
loads operated in the Orbiter-ullaehed or sortie 
modes. Re(|uirements for more p»)wer. and 
h'n>ier duration for payloads operalmi! in ful ire 
fre.’-llyin}! im>des are less definite, but slronj: 
evidence supports Ihe need for an autonomous 
power module capable of supplyint: multiple 
services lo a variety of free-llyinp payloads in 
the post-l‘)S4 era. fo meet these emerjiint: 
re<|uiieme ts, this study postulated an initial 
I’ovver I stension fackajie (I’l I’) to augment 
the power and duration capabilities of Ihe base- 
line Orbiler. I bis would be followed, in D)1S4. 
by an autonomous power module with increased 
capability. On the basis of current projections 
ol posl-D)X4 retiuirements, the autonomous 
power module should provide a full ranj!e of 
orientation, communications, and heat-rejection 
capabilities commensurate with multiple payload 
support at a level of 3.^ kW or prealer. I’ayload 
rei|uirements and probable fundint: constraints 
need further definition, however, wl.ich may 
dictate the need for supplemental systems. 
includiii(! additional rediiced-capabili'y. lower- 
cost power modules. Accordiin:ly . the study has 
also examined a small. I’l l*-si/ed, free-llyinj: 
intermediate power module, as well as a some- 
what larger power module using four of the 
I’l I’-si/ed solar array wings but providing more 
limited payload support thair does the 35-kW 
full-«.apabi!ity module. 

It is believeil that the concepts and design con- 
siderations examined in this study and described 
m the technical report will provide the nation’s 
policy makers with the background they need 
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to formulate a fiscally responsible evolutionary 
])rograin, supporting space applications, science, 
ami exploration, while taking advantage of the 
llexibility of the Space Shuttle to reduce the 
cost of operating in space. Such an evolution- 
ary program will ensure American scientific and 
technological leadership in space for decades to 
come, 

WHAT ARE THE PROJECTED REQUIRE- 
MENTS FOR ORBITAL SUPPORT SERVICES 
THROUGH THE NEXT DECADE? 


Space,” SP-386. January 1976, the “NASA - 
5-Ycar Plan, May 1978 (draft),” and the “Pre- 
liminary Definition and Evaluation of Advanced 
Space Concepts” prepared for the NASA OSTS 
by the Aerospace Corporation (Aerospace 
Report No, ATR-78 (7675)-l, June 30, 1978) 
were used to establish representative mission 
scenarios. Operationai requirements for the 
period beyond 1 984 are less precise because 
these later missions depend iargely upon the 
results and experiences obtained during the 
initial years of operation. 


I'he point of departure for the Orbital Service 
Module Systems Analysis Study summarized 
in this document was the NASA STS Mission 
Model of October 1977. This mission modei 
supplied mission, payload, schedule, orbit, 
and weigiU data for the early years of opera- 
tion of tiic Space Transportation System. Sup- 
piemen tai sources such as the “Outlook for 


The patterns of mission requirements observed 
in cacii of the research and applications areas 
were consistent in that more electricai power 
and longer stay times in orbit were desired as 
experience was gained and tiic missions became 
more sophisticated (see Figure 1). 

To establish tiic most logical initial performance 
improvement increment beyond the current 
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Figure 1. Growth Patterns in Six Rasoarch and Applications Areas 
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Orbilcr cupahilitic'% the power uiul Juration 
reipiireinents as JescribeJ in the October I ‘>77 
SI S Mission Model were anal>/ed lor the Space- 
lab missions scheduled for the I ‘>8 1 -to- 1 ‘>S4 
time period. 


I’ower rei|uireinents for each of the 4‘> Spacelab 
missions ( I ‘>81 througJi I ‘>84) scheduled in the 
October l‘>77 SI S model are shown in l ijiure 2. 



Figure 2. Power Requirements-STS Million Model 
(Spacelab Millions) 


I hey consist of 14 kW for Orbiter housekeeping, 
an assessment of 1.5 to 4.2 kW for Spacelab 
support (i.e.. pallet, it:loo. module), plus the 
power rei|uirements for the complement of pay- 
loails carrieil on each Spacelab mission. The 
power needs were obtained from direct knowl- 
edjie of the payload rei|uirement or by correlat- 
ing tlie iilentified payloail with projectcil user 
rei|uirements obtained from the previously men- 
tioned sources. As seen, the totals vary from 
I 7 k\\ to kW in the first ^ years. I he suj:- 
jiested desij!ii range is overlaid on these require- 
ments, capturing between 75'; and ‘>5'; of the 
l‘>81-to-l‘>8.^ missions. \ 2‘>-k\\ value accom- 
moilates 80' ; of the missions as defined, or 23 
of the first 2‘>. a figure that would appear to be 
a proper balance between increased cai>ability 
offereil aiul ulili/ation overall the missions. 
There is reason to believe that, for many mis- 
sions. Orbiter power consumption may be 
reduced as a result of llighl test experience and 
judicious selection of mission parameters. This 
and further refinement and consoliilation of 


the mission objective's may make it possible to 
accommodate all the requirements within a 
2‘>-k\V de'sign value. 

In figure 3, the corresponding duration require- 
ments are shown for each of the Spacelab mis- 
sions scheduled in the S I S mission model for 
the l‘>81 to I ‘>84 time period. The duration 
rei|uirements vary' from 5 to 45 days for the 
first 3 years. The design range to accommodate 
b5'; to ‘X)'/ of the missions is indicated by the 
shaded area. Note that the requirements for 
increasing duration after I ‘>83 create a rationale 
for a free-llying service module that can support 
payloads independent of an Orbiter. 



Figure 3. Minion Duration-STS Minion Model 
(Spacelab Minioni) 


I able I summari/es the user requirements in 
the l‘>84 to l‘>‘>l lime frame for six key areas. 
Material processing is the dominant user of 
power, reipiiring levels ranging from 33 to 3b 
k\V for second-generation research and develop- 
ment up eventuall> to 1 00 kW or more for 
proiluclion facilities in the l‘>‘>0’s. This area 
also reipiires long-duration operations approach- 
ing continucus. Any orbit and orientation 
would be satisfactory for materials research as 
long as its g-level requirement of 10“^ were not 
exceeded. On the other haiul. life sciences 
research activities are seen as reipiiring fairly 
constant levels of power over the years, but 
missions of longer and longer duration will be 
desired to increase the data and observations 
that are essential to an understanding of the 
fundamental life processes. Similar patterns 
are observed m the research areas of earth 
observations, solar observations, and 
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astronumy. aiiJ in applications areas, such as 
coninninication systems ami solar power satel- 
lite Jevehipment 

In addition to missions dedicated to a specific 
area ol research or api'lication. an emerjiinj: 
need is seen for tree-tlyinj: orhital service plat- 
lorms proviilinii simultaneous support lor 
multidisciplinary payloads. I he development 
ot large “antenna tarms” lor multiple com- 
munications serv ices has been suggeslal hy 
representatives ol the communications indus- 
try and NASA is curr-’nlly investigating the 
re(|uirements lor large geostationary plal- 
lorms that can support multiple communication 
and data relay antennas and earth ohservalion 
sensors. ,\ recent \.\SA/rniversily Workshop 
(summer I‘>7K| examined the desirability of a 
single low-earlh-orbil plaHorm that could pro- 
vide sup|H)il to multi|de scientific users In each 
case, the proposed service plaH'orm concepts 
stuilied were predicated upon the availability 
oT cenirali/cd subsystem services. 

I he primary conclusion reached Irom the 
analy sis of available mission model data and 
an analysis ot the emerging rei|uirements for 
orbital service platforms is that an immediate 
need exists for more power and on-orbit stay 
time for the Orbiler-altached (sortie mode) 
payloads. I urthermore. the need continues 
to increase with lime. I ree-llying payloads 
delivered and serviced by the Orbiler can be 
anticipated in the mid-l‘)K0's. and from ldS4 
on. both sortie mode and free-fiying support 
capabilities will be reiiuired. In addition to 


oo%)vrit ooi/oc 


the need for more power and longer orbital 
slay limes, free-llyers will require extensions 
of current Orbiter capabilities, such as orienta- 
tion. heal lejection. data acquisition, and 
communicalion. Multiple inclinations are 
dictated by the mission inodci data, and these 
rei|uirements may be accommodated with 
multiple power modules or with a combina- 
tion ol the power imulule aiul Orbiter sortie 
(power extended) modes of ope;alion. As 
the mission model data crystallizes, further 
effort will be needed to refine the definition 
of mission rei|uirenients. 


WH.AT EVOLUTIONARY PATH OF 
SYSTEM DEVELOPMENT IS MOST 
RESPONSIVE TO USER NEEDS? 


Oranled that the implementation of the \.\SA 
SI S mission model will reipiire more capability 
than is currently proviiled by the baseline 
Orbiter. the i|uestion is how can this capabililv 
best be provideil? 

As a precursor to this fiiiuled Phase \ study. 
Johnson Space ( enter (JS( ) esiablisheil an 
in-house OSM Program Approach baseil on 
incremental grow th in orbital -ervices offereil 
by the STS. Heginning with modest improve- 
ments to the basic Orbiter. particularly improve- 
ments in heal rejection, the JSC concept pro- 
gresses through an initial solar array power 
supplement for the Orbiter to a family of free- 
llying power modules with increasing capability. 
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IIk’ oniiinal JSC incroincntal groMlIi concept. 
shoMii )!raphically in I i)>nrc 4, provulcil the 
t'rainc ol rclcrcncc lor lhi> slmty . I he ini .sion 
ie(|tiireinenls analyses and desittn concepts 
deseloped in this study have verified the need 
tor. and the leasihihty of an increiiient.il 
ttrowlh concept lor OSM 

.Several scenarios can he postulateil lor evolvinj: 
Iroin the haseline Orhiler to one or more orhil- 
iiiit service modules. Ml scenarios hejim with an 
increase m the basic power and orbit duration 
ottered b> the Orbiler to allacheil (soiiiel pay- 
loads. Hie need lor this is clearly established by 
the near-term mission re(|uirenienls. 

Hie initial increase in capability could be 
accomplished b> eMeiulinj: the cr>oisenic 
capacity ot the Orbiler or by addiii): an 
Orbiler-allached solar arra> system. Ibis 
sluil> esamineil m detail the Ir.ideoU between 
these alternatives. 

I ijiure 5 plots (m ilollcd lines l the number ol 
cryoj!enic tank sets required to provule 7 kW 
ol power lor pa\ loails as a lunclion ol time 
in ■’■bn. .\s an example. 1 4 cry oitenic lank 
sc... vvould be reipiireil to provule 7 kW lor 
ilays in orbit Such a solution would reiluce 
the available payload weiirlit ol the standard 
( lour cryoj!enic lank selsi Orbiler by 2l).tJ0<) lb 
to less than d.OOO lb. 
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Figure 5. Orbiter Performance Improvement 
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I Ik* M»liil liiK's m I ijJiirc 5 iK'scriho iIk* |viI t- 
inarcc envelope ol a solar airay eoiiliguralioii 
si/iii to satisly the ret|uireiiients outlined lor 
tlie l‘•Kl-t^*-l‘>H4 tune period. Hieoulpiu lr*)i i 
sol ir arrays and the mission duration possible 
wil.' vary I'roin a ininiinuni at eipiinox to a 
inaxiinuin at solstiee. and the envelopes 
plotted illustrate the niavimum pertorinanee 
eapahility with v»lar arrays supplemented h> 
two. three, or lour cryoyeiiK lank sets \s a 
point ol relerence. the dot on the plot i»l 
power vs iluralion idenlilies the ilesijm leiiuire- 
ineni ol Spaeelah 1 . As ean he seen, the mis- 
sion woiihl reip.iire live crNojienic tank sets to 
aeliieve a mission duration ol K days. I o 
achieve days, the power supplieil c»mkl he 
no more than 5 k\N On the other hand, st lar 
panels aiul only Iwd cryo(ienic t.ink sets wouhl 
he more than adet|uale to meet the demands ot 
the latter mission I he ohvious conclusion trom 
the data plotted is that the way to achieve mis- 
sions ol loniiei duialion with aileiiuaie power 
and still have sit:niricant working: payload capa- 
hihly is to rely more tm solar power. Solai 
arrays appear to represent '.he hesi solution 
within today's state ot the art. 

I he solar power extension pack.ij’e (I’l I’ I repre- 
sents the lirst step in the ev«>lutionary jirowth 
IMtIern .\s an extension v>t the basic Orhitei 
capability, this step oilers increased power aiul 
increased duration, while retaining all the other 
Orhiler resources and services ottered to users 

I he next step is to extend this capability to an 
autonomous, continuously orbited service 
module. I’ay loads, such as applications modules 
woulil be transported to the orbilinj: service 
moilule by the Oibiter. Alter supportiii}! initial 
checkout ol the p.iylo.ul. the Orbilei wouKI be 
tree to support other orbital missions or return 
to the recovery area tor ihe next paylo.iil. 

■As an example ol the neeil lor such a service 
module, materials processini* missions planned 
loi Ihe perioil reipiire essentially continuous 
operation, but only occasional visits by the 
Oibiler to retrieve processed materials aiul set 
up new or continueil processes, because Ihe 
operations can be controlled and momlored 


Iroiii the tiround. Other applications, such as 
solat and earth observations, also can eHeclively 
use an extended-duration mode. Hence, develop- 
ment ol an Orbital Service Module lOSMi that 
can simultaneously support mulliple-applicalions 
modules independent ol the Orhiler will increase 
Ihe eliecliveness ol \.\S.\‘s Orhiler Heel because 
it will allow more lre(|uent t1i(>lits with a ttiven 
Heel si/e 

I he si/e and luiKlion.il capability ol this next 
a itonomous OSM step will be intluenced pri- 
iiKrily by user needs and lundint! constraints, 
li.iseil on current knowledge ol projected mission 
rei|uirenients. this study has idenlitled a **rull- 
capabilily ." niullipayload OSM in Ihe .l5-kW 
ranye as i candidate solution to meet Ihe lull 
lantre ot | .lyload rei|uireinenls. One such lull- 
capabihly concept is shown m ritmre <> .Also 
shown is a small, intermediate-capability concept 
and a larjier “liiniled-capabihly” concept. Holh 
ol these represeiM si/e. capability . and cost incre- 
ments leadiii(! toward Ihe lull-capabihly system. 

I uriher analy sis ol mission rec|uirements and 
lundinj! constraints is needed to lirmly establish 
the pattern ol evolution iry steps leadint: to lull 
capability. Meanwhile, the study has ascerlameil 
that such steps are I'e.isilvie and that a hit:h dejiree 
ol elemenl comnionalily can be preserved. 

Ihe steps beyoiul Ihe I’l I’ need not be lirmly 
delineil immediately lor two reasons: i I ) devel- 
opiiKT.I ot Ihe array land Ihe manuraclurint’ 
capability necessary to produce it i sijmiUcanlly 
iviluces lead tunes retpiireil to proiluce a Iree- 
llyinj! OSM. and I 2 » Ihe addition ol Ihe I’l I’ 
capability to Ihe Orbiter-Spacelab allows an 
aj!t:ressive space prtvjir.iui to be pursued m Ihe 
early I'tSO’s. 


WHAT INITIAL STEP SHOULD BE 
TAKEN? 


liaseil upon Ihe analyses conducted to dale. Ihe 
initial I’l I’ should provide k^^. I.*! kW of 
which sliould be available to the payload. Ihe 
packat’c should be desi(>ned to accommodate 
mission durations (d !‘> to 21 days, be ca| able 
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ol miillipk’ oriiMitalioiiN. aiul ho proilioatoil 
iipi'ii oMsImj: toolniolojry . I his siniposls tho 
use ol solar arrays ilovolopal iiiulcr I ho Solar 
I lootiK I’ropulsioii Statio propram aiul Iho 
loohnolopy ol oxisliup Orhilor sysloms iiisolai 
as possible I ho ( Irhitor lomolo manipulatoi 
sysiom (KMSloliors a hiphly lloxihlo moans 
lor iloploymoni aiul posiiioiiinp ol Iho solar 
arra\s, I ipuro 7 poi Iia> s one conoopi lhal 
mools ihoso roi|uiromonls. 

In Iho I’l I’ oonoopl. Ih • solai arra\ s provulo 
mo'l of the power ( 2(> ) while the Orhitoi 

is III the sun. .nul the staiularJ Orhitor luol 
colls proviilo all iho power on the shade side 
ol Iho orhil. I ho luol colls Itliroo are curronll> 
used lo |iroviilo electrical power to the payloads! 
idle al } kW ( I k\N each) diirinp the sim-sido 
operation. I lie combination of solar arrays and 
luol colls prosido a continuous capability ol 
k\N . riius. the minimum dosipn modilica- 
tions are roi|Uiroil to oxisiinp systems and mini- 
mum initial (scar) woiphi to the Orbitor. Uy use 
of a voltapo ropulation subsystem, oxcolloni 
response lo peak loads and loail sharinp can lie 
obtained. Switchmp is avoidoil. and Orbitor 




load mioiai lion aiul mtoiloronco with oxpori 
nionis are mmimi/od. 



Figure 7. Power Extention Package 


lalilo 2 summari/os the baseline characteristics 
ol Iho initial I’l I’ Hpiire S portrays the method 
ol inlet lace w ith the K\IS and the Orbiler. I he 
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Tiilile 2 , I’EP Uiisclinc Chiiriiclorislics 


Power ond Duration! • 29 kW, tQ Dov> 

• 21 kW, 21 Days 

Array Size! « Two SGPType W'ngi, 4.0 Motori X 36,3 

Mfltort Each 

Storage Uocatlon! • Over Spacolab Short or Uong Tunnel 

• Standard Orblter Attachment 

• Aft Location Optional 

Deploymont; • Romoio Manipulator Syjtom (RMS) 

Axray Rotation! • Soparato Gimbal/Torciuor Drive 

• RMS Inactive Except During Orblter 

Maneuvers 

Heat Re|oction! ■ Uses Orblter Rodtators 

• Flash Eveporotor Supplement - lor 

Some Orientations 

Output Voltogo! • Per Orblter Specs 


PliP kit stowage in (lie Orblter cargo bay rcsiil 
in no loss of availablr,’. payload voliinie. The puck 
age easily fits into the forward area between the 
airlock aiul tlie Si>acclab. as shown, and is 
ilesigncd to fit anywhere In the cargo bay using 
standard attach fittings. The two-mast canister 
for deploying the arrays and the two-blanket 
bo.xes arc shown in the stowed position in tlie 
upper part of Figure 8, The linkages arc 
ilesignct! to rotate the canisters 90 degrees when 
the mast begins to emerge. The array module 
and the equipment support beam may be easily 
removed from the Orblter when they arc not 
needed for a mission or for maintenance. Tlie 
RMS connection to the solar array is nuide 
tlirougli a standard grapple connection over the 
two-axis gimbal system of tlie array, in the 
lower and center part of Figure 8, tlie array is 
sliown in its deployed position, with the two 
extendable masts deployed from their initial 
storage canisters. Fach wing of the array is 
4 meters wide and 38,6 meters long. 

Figure 9 suminariicc's the performance of the 
initial PEP system. Each of the three fuel-cell 
power plants on the basic Orbiter provides 7 kW 
continuously, ora total of 21 kW. The Orbiter 
requires 14 kW, leaving? kW for payload sys- 
tems, A review of the 49 Spacetab missions 
scheduled for the period between 1981 and 
1984 in the NASA mission model lias indicated 
the use of Spacelab pallet, igtoo, and module 
configurations; therefore, between 1,5 and 
4,2 kW are required for basic Spacelab support 



during periods of its operation. Thus, the 
Orbiter with the Spacelab module, under normal 
operating conditions, would allow about 3 kW 
for payload operations (see Figure 9). A 
29-kW PEP system would provide 14 kW to the 
Orbiter, 4 kW for the Spacolab module, and 
1 1 kW for payload operations, in brief, the 
payload requirements for power and duration 
during the initial years of operation of tlie STS 
arc fairly well estabiislied. The initial PEP as 


McaO/viVCt-i- 
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upon current icchnolojiy uiul hjrilw.ire alreait> 
uiulcr ilcvelopmcnt 


0'b*t9' ♦ ^£P ¥V»|h 
Sp«c«i«b Mudui« 


Orbtt*^ M#tth 
Spac«i«b ModuW 


0 6 10 IS 70 26 30 36 40 

Million Ourit»on (D«yl) 

Figur* 9 Power Performance Enielopet 

(Orbiter Plui PEP, 55 Dei X 250 mml 

iU‘S(.rilvil \mII be ol enormous ^.iliie m proMilinj: 
mere.iseil povser Ail\.ml.ij:es iiKliule tlie 
tolloVMI)}! 

\ (Irbiler i.unuiomul time is less tlun with 
. 11 ) .ill-er\ ojieiiK solution. 

It l’.iylo.iils v.,m be mereaseil bee.iuse ol the 
l.irjie weijilit s.ivinj; ol the S4>|,ii ,iii.i\ 
.ippro.ieh loi Sp.ieel.ib missions .is eom- 
p.irei.1 with the eiyopenie s>siem 

( (ire.iler lle\ibihl\ will be proMileil in 
oser.ill S I S oper.ilions I'l.innmt: .iiul 
seheiluhny’ 

No I’roblems ol leehnie.il leMsibiht> h.i\e been 
iileiiiilieil to iljle . 111(1 none .ire anl:eip.ileJ, 
in.i inueh as the basie s\ slem is predisateil 


■Sluilies have shown that the I’l I’ eoneept is 
eompalible with the shateil KMS. ami is eoni- 
palible with, the basiv Orbilei mission in weight, 
volume, and eeiiler ol i*r.ivil\ 1 he development 
sehedule appears to be eompalible with the 
sehedule ol Sp.ieelab 2 . and it piovides a disere- 
tion.iry payload advaiitaire ol .^.1)1)0 lb lor that 
mission Imidemenlalion ot 1*1 I* allows the 
nesibihly ol an Orbiter with only Iwoeryo- 
peiiK lank sets to aeeommodate shoi t-diir.ilioii. 
hii:h-pay load peilorni.inee missions without 
I’l I*, then, with I’l I*, to oiler hit!h |>owei aiiii 
lonj!-dur.ilion eapab hly on other missions. It 
IS \.\S.\‘s present intention to imtiale projtram 
.Klivily III 1 N 7‘> 111 order to start aelual I’liase 
( I) development in I A bO On this basis, the 
initial system could be available to suppvirt 
Sp.ieelab 2. 

WHERE DOES THIS INITIAL STEP LEAD? 

Iteyond the capability in the l‘)SI -to-l‘>S4 time 
period provided by the initial I’l I’ concept, the 
iieid l.vr lurther growth steps can be predicted. 
I.ibic } suinm.iri/es the design reiiuireineiits 
and prmcip.il design consider.itioiis lor a lull- 
c.ipabihiy power module in the post-l‘>,S4 time 
peiiod isdviived Iriv'ii the current NASA mis- 
sion model. I’reseni plans mdic.ile that higher 


I able .t Missimi iK rivi'd Ib-Mgii KiMitiirctiifiii' 


F ull Capability OSM 


Powai. KW 
Duration. Days 
Tbtrmal. KW 

Inclination. Dag 
Altitude. NMI 
Operational Tima Priiod 

Orientation 

Stability 

Acceleration Level 

Berthing/Docking Poitt 
Interlace Compatibility 
a Orbiter 
a Multiple F ree 
Flyer* 

Orbit Keeping Interval 
Comm/Data 


Increment IV/ 
Requirement 
36-40 

Continuout 

Symmetric 

786.67. Polar 128.6 Noml 
180 300 1720 236 Noml 
1984 On 

All Attitude 
0.4^c 0.1° 

10-° G 


60 Day* 

To 10 MBPS 


Power Module 
Key Oeiign 
Contiderations 


Power Output 
Orientation* 

Gimbal Requirement* 
Control Siring 
F leld ol View 
Radiator Sire. Location 
Plume tiled* 

Payload Clearance 
Envelope 
RMS Capabiliiiai 
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I'oMcr IcncIn 1.^5 to 40 I jiuI k.ontimi<»i> 
niiNsioiis will Iv rciiiiircil Miwion objcctiu'^ 

C. 1 II tor \jrioii\ orbit iiKliii.itioiiN jiul rct|iiiro 
all Jttitiiilc orKMitatioiis. low )•' lc\i.l\. ami tlu* 
capability tor JtK'kinr: aiul iiiulockiii)! pa>loailN 
ildooroil by mkci'CiIiii)! Oibitcr tlijslit\ 

I ly’tiro 10 illiictratcs viiiK' ol tlu' altcriiatiu' con- 
ti)!iiratioii concepts tor an aihaiiccJ OSM I he 
liill-cai'ability OSM or aJsanced power nioiliile 
may asMiine a niiiiiber ot lo|*ical ireoinetries. 

One ot the most important considerations is 
the principal axis orientation ot the module 
with respect to the orbit plane. Hie orientation 
selection will have a si|:niticant ellect on ttravity 
}!radient torijues and si/iii|! and on the saturation 
ot the control moment (tyros iCNKi) used tor 
attitude control Ihe symmetry or asy nimetry 
ot the mass ilistribution with retiard to the arrav 
axis will have a similar impact on momentum 
buiUlup and ( M(i saturation. I ocation ot 
berthiii}! |>ortscan also impact control system 
si/in;! because the at' ■ . 'lit ol modules will 

result in various III; . vi.. .iiibntions. Optimally, 
It IS desired to m.iniiam all mass centers ol 
(•rav IS close to the solar axis as is opeialion- 
ally reasonable. 

I lin e (•eiieric ly ;vs ol conri(:uralioiis are shown 
m i 'ttf'c III Ihe symmelMC concepi is charac- 
leri/ed by a c-'iilral subsyslem core assembly 
with .ittached pay loavis. separated array wiii(!s 
to provide clearance tor payloail orientation 
ami the Orbiter when bertheil. ami (leometric 
as well as mass symiiu'try to miniini/e control 
disturbances. I lie lonj: axis ol Ihe solar array is 
m llie orbil plane ami perpendicular lo Ihe sun 
line. .\ rive-berlhini! port cluster provides all 
attitmle capability tor Ihe payload modules by 
providinj* two yimbals ami 2 ileerees ol Ireedoin 
relative lo Ihe solar array. I his concepi would 
.ilso have an Orbiter beilliint: port on al le;isl 
one emi ot llie central core structure. I he con- 
cept wouKI provide lull powei in any paylo.ul 
orienlalion. K.idialors vvoiiKI be mounleil 
perpendicular lo the arrays on the airay suppoii 
booms. I he ceiiltal imiss plus deploy able b.ill.isi 
could be used lo minimi/e Ihe need lor(M<i 
desaluralion. I he concepi would have unpres- 
suri/ed subsy stems and berthiii(! ;iccommodations 



Figure 10 Full Capability Major Configuration 
Alternative* 

ll would be ilevelopeil Irom si\ ol the vvm(: and 
m.isi assemblies useil m ihe initial I’l I* ilesijm 

Ihe asymmetric concepi also would use a 
mulliple-herlh. all-allilude payloail chisiei with 
one Orbiter berth lixeil lo Ihe pay load-subsy stems 
cluster I his concepi would oiler Ihe best liehl 
ol view and tend lo niinimi/e stray h(:ht rellec- 
lions on Ihe polenlial payload sensors, but would 
have Ihe hichest moments and total bias niomen- 
lum. Ihe asymmelnc coiKepI is shown with 
representative pallet-type payload assemblies, a 
six-p.inel winy: with .1 lelescopinj: m.isi, ami 
array -mounted i.ulialors. 

Ihe)!r.ivity j!r.ulienl concept sep.irales the two 
mam mass assemblies larr.iy radi.ilors and 
subsystem pay loads 1 to prmule jiraviiy -(!r.idi» nl- 
slabili/eil orienl.ition with respect to local vei Il- 
eal. primal ily lo enhance earth vievvinj: 

I hese concepts are representative ol the conriy- 
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iirjlions k \.iiniiK‘il to ilcriu* ilcsigii churjclcris- 
(Ks most suitjhio lor a lull rapability OSM 
( oinparali\o aiialyMs was ii*a-il lo soprcpU' llio 
design considoralions Mill) most M^rnilkant 
inip.tci on pcrrorinancc. cost, aiul wrvico lo llu* 
payloaiK aiul to provuK- iK'sit:n }!uuU*liiii‘s lead- 
III)! to an optiniiiin conti)!iiration. 


WHAT DESIGN CONSIDERATIONS ARE 
KEY IN PROVIDING FULL SUPPORT 
CAPABILITY FOR THE PAYLOADS? 


In c\olvni)! liill-t.'apalMlity \iippori lor Iri-i ’Iviii)! 
p.',. loads, svwral doM)>n consiilor tioib were ol 
major eoneern ( I Mo ina\nni/e ilie lu hl <if 
lu'w ol the (Myloads. ( ’ Mo inimi/e the elieets 
oi I'liiitif inipinycnu nt . (.< I lo providi. .ideipiale 
/>u\ liHiJ i li uritim- tor orienliii)! aiul posilioniii)!. 

(4 Mo niiniini/e disliirhanees dial alieet unilml 
M \i:hiy, ( 5 Mo ileM)!n lor deployineni 
witliir. the reach emelo|V ol the n-nmic nutnipu- 
lutor M Mi ni . Ill) to eMracl the masinunn pnwer 
iiiiliuil Irom the c»>slly solar array ; aiul ("’Mo 
ilesi)!n Itir the opimial i\hluh>r arcii lu rtinnuiinv 

I icUhnjA iew / //«•< 7\ 

A coii'piileii/ed analysis was iisei! lo assess the 
field-olAiew olTereil by each ol the ^aiulidale 
conri)!iiralions. I i)!iire I I illustrales the jieoinelry 
of a typical earlli-viewni): siiualuni In this case, 
the syniinelric type ol conrij!uralion is shown. 

I he coinpiileri/eil analysis prosided several cri- 
tical characteristics \ahiable in comp iriiij: the 
I'ield-ol-view ol each conri)!iiralion I hese 
included percent i)!e ol the hemispherical solid 
.iniile insianl.nieoiisly ohsciireil by the OSM 
maioi elements. percenl.i)!e ol the hemispheii- 
cal tlelil ol view siibjeci to obscuration iluriii): 
an orbital anjile. shape ol the ol'seurations. and 
time re»|inred lor the obscuration to sweep the 
liehl-ol-siew ol the observer. 

Tii!tiie I 2 illustrates the obsersations seen by an 
observer on the symmetric (rSM conli)!uration 
as he looks lowanl the nadir, with the OSM 
travel. lit' in a solar-inei tial-onentatitm and the 
array a\i>> in the orb't plaf'e. I hree glimpse . ol 
the obscuration are seen, one railiator as it 



Figure 11. Field of View Effecti — Earth Viewmg Payload 



Figure 12. Sensor Field of View • OSM Concept 1 
Earth Viewing Payloads 


enters the lieUI ol view, the edge-on view ol one 
array wing and radiator as OSM passes the ler- 
nimator. aiul a railiator as it leaves the hemi- 
spherical I’ield ol view . 

lo rully assess each conUguration concept, the 
parameters ol interest were varied, including 
conriguralion geometry , orientation, location of 
the observer (sensor I from the center coordinates, 
and viewing direction. 

l igure 1.1 illustrales the field-of-view study 
results using the three basic configuration geo- 


It 



1 1 





Conllgurotlons: 




Configuration/ 


Instomanoous 

FOV Subioct To 

Orloniuilon 

Tnrgol 

FOV Obscured 

Obscuration 

0 ^ Solar Inortlol 
Pop • Local Vorl 

Eortb 

0.8%TwIcfi/Orblt 

22 % 

Earth 

0.0%Tw|co/Orbltf) 

11 % (•) 

Solar Inonlol 
Pop - Lotuil Vert 

Earth 

1.8% Onco/Oibli 

55% 

Earth 

03%Twlco/OribtC) 

7%C1 

Pop • Local Vart 
^ Pop - Local Vort 

Eorth 1 

0 

0 

Coloitlal 

16%,Once/Orblt 

■85% 


(•) Can bo reduced to Zero By Locating Observation Point Farther From Array Conlorllne. 


Figure 13, Field sf Vlev? Effects Observation Point 4M From Center 


metries examined. Two combinations of vehicle 
orientation and viewing direction are shown for 
ciieli of the three configurations. 

Soliir-inertial orientations obviousiy offer clear 
fields of view for solar observations and large 
iinobstmctcd fields for celestial observations. 
With the array axis in the orbit plane (lOP), the 
OSM obstructs the field of view during earth 
observations. With the symmetric design, this 
occurs twice per orbit, as each half sweeps 
through the field. With the asymmetric, this 
occurs once per orbit. By crienting tiie long 
axiir lY) of the array across or pcriiendicular 
to the orbit plane, and aligning the body with 
the iocai vertical, a clear view of the nadir is 
obtained over the entire orbit. Of course, 
ccle,stial viewing may be impaired. The extent 
of this is illustrated by the Concept 3 data. 

Prom these analyses, the symmetric configura- 
tion offers reasonable viewing opportunities 
when operated solar-inertial (array axis lOP) 
if two gimbals are used to permit payload 
orientation. The asymmetric concept offers 
a wider unobstructed view angle and minimizes 
the probability of reflected radiation entering 
the field of view. The gravity gradient concept 


offers excellent earth viewing but lias major 
obstructions for celestial observations. 

Phnue Iinpiiiijemeni 

RCS plume effects arc an important considera- 
tion in configuration design. Plume impinge- 
ment during Orbiter rendezvous and departure 
can exert excessive pressure loads on tlie arrays, 
and bending loads on tlieir support structure, 
and can cause contamination and erosion, local 
heating, acceleration of the OSM away from the 
arriving Orbiter, and differential loading or 
turning moments that disturb the OSM orienta- 
tion. Figi re 14 shows typical pressure contours 
from RCS forward thrusters. Similar patterns 
result from the aft thrusters. Seiiaration of tlie 
array wings helps to minimize these effects, For 
this reason, separated wings are preferred to 
joined wings. 

In this illustration, outline profiles of three basic 
concepts — symmetric, asymmetric and gravity 
gradient — are shown. Calculations for the 
symmetric case indicate an array separation dis- 
tance of approximately 140 feet is needed, For 
the same Orbiter approach angle, tlic other con- 
figurations experience higher plume pressure 
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Off'AxIs Dtsianco (h) 


Figure 14. RCS Plume Pressure 


unless the sepanition distance between berthing 
port and array surracc is increased to about 
175 feet. 

Studies are currently in progress to assess the 
ciTccts of plume impingement using the X-axis 
thrusters for rendexvous braking. Although 
more propellant is consumed, plume loads on 
the OSM solar arrays are reduced by more tiian 
an order of magnitude. 

Payload Clearance Envelope 

Payload orientation rec|uirements criticaily 
impact configuration design. Witii the array 
solar oriented, tlic design should permit orien- 
tation of the payload module cluster or individ- 
ual payloads toward any viewing objective. As 
illustrated in Figure 1 5, a clearance envelope 
reciuirement of a radius of approximately 
20 meters resutts. Tiiis dimension is based on 
a payload using the maximum length of the 
Orbiter payload bay. This establishes the min- 
imum separation on the symmetric concept 


between the solar arrays and between tlie 
solar array and the payload cluster on the 
asymmetric concept. 


Figure 15. Payload Clcarnnco Envelope 
Control Effects 

In establishing the design requirements for the 
control cj slcm, the configuration geometry and 
desired orientation of the OSM arc the key 
determinants. 



/VTCOO/V/VCI*L DQUCLykS ^ ^ 
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Figure 16 illustrates three basic starling points 
for developing operational orientations. The 
solar inertial (A) places the array perpendicular 
to (lie sunline and produces maxinium power 
at all times. However, unless the orientation of 
the OSM body and payload mass is controlled, 
the rc.sulting gravity-gradient and aerodynamic 
torques will be excessive. 



The orientations (B and C) tend to minimize 
disturbance torques because the dominating 
clement, tlie solar array, is citlier in the orbit 
plane (lOP) or perpendicular to the orbit plane 
(POP). However, both orientations sulTer major 
power losses as a function of beta angle, 

Payload orientation and field of view is a third 
requirement variable that the selected design 
must accommodate. Solar inertial (A) is excel- 
lent for solar and stellar observations but offers 
a poor platform for earth observations. Array 
POP (C), with the body axis aligned along local 
vertical, or array lOP (B), with the body also 
aligned to local vertical, provide for good earth 
viewing but arc poor platforms for solar and 
stellar observations. 

To achieve all objectives (full power output, low 
disturbance torques, and full payload orientation 
freedom), a design concept is required that 
includes the best features of all three of these 
orientations shown. 


By aligning the array Y axis in the orbit plane 
as illustrated in Figure 17 and allowing tlie array 
to rotate about Y, the array will be sun-oriented 
at all times, and maximum power output will be 
obtained. This is the solar inertial orientation. 

By using gimbals in the Y axis (as shown on the 
top of the figure), the body may be rotated rela- 
tive to the array to enhance payload pointing or 
to minimize body-induced torques. 

By adding a second set of gimbals (as .shown on 
the bottom of the Hgure), the body and attached 
payloads can be further oriented to minimize 
torques or, more importantly, to enhance view- 
ing. With 2 degrees of gimbal freedom relative 
to the array orientation, any desired payload 
pointing direction can be achieved. By pointing 
the X axis perpendicular to the orbit plane, the 
nadir can be tracked with only a single rotation 
about X. 

Tills latter orientation and gimbal arrangement 
is tile one selected for the Full-Capability “Refer- 
ence” Configuration, Viewing in all orientations 
is good c.vccpt for orbit conditions wherein one 
array wing passes through the local vertical during 
earth terminator observation. When this occurs, 
the array axis must be shifted away from local 
vertical to avoid terminator obscuration. 


To provide an unobstructed view of the earth’s 
surface, the solar array longitudinal axis may be 
stabilized perpendicular to the local vertical, 

This condition is satisfied with the axis either 
perpendicular to the orbit plane or in the orbit 
plane (or at any angle between these extremes). 
With flexibility to the user as a major considera- 
tion, our studies have shown that the system 
should be designed for long-term operation in 
low-disturbance, high-power orientations, but 
should have capability for less-efficient, short- 
term orientations to satisfy user needs. Thus, 
the long-term JOP-soiar orientation is selected, 
and the POP-local vertical orientation is retained 
IS an alternative for earth-oriented mission 
emphasis. System mechanization permits other 
intermediate orientations as mission operations 
require. 


/WCOOft/A/CrLC. 
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Tabic 4 compares the control system sizing 
for the three generic system concepts. The 
symmetric and asymmetric concepts are com- 
pared for the basic lOP-solar inertial orienta- 


tioiii (array axis in tlic orbit plane witlt the other 
axes at the inertial angle for worst moment) and 
POP-local vertical (array axis perpendicular to 
orbit plane, and other axes aligned to achieve 
minimum tonpie about the POP axis), With a 
mass balance of 2 degrees of freedom, the basic 
lOP-solar inertial orientation is left with 723 
ft-lb-,soc per orbit about the POP axis. Several 
methods of desaturating this momentum as it 
accumulates arc available. Althougli tlie sizing 
for the POP orientation appears small, it pro- 
vides maximum power only for low beta angles. 

If tlic vehicle must be tipped to compensate 
for beta angle, the balance wcigiit on a 100-foot 
boom would be 10,000 pounds and 3 degrees 
of gimbal freedom would have to be added. 

The asymmetric concept has three to four times 
the sizing requirements of the symmetric concept 
for tlie basic lOP-solar inertial orientation. The 
POP-local vertical requirements arc similarly 
large, and a 10,000-lb weight is required to hold 
the vehicle tilted to compensate for high beta 
angles. 

'llie gravity-gradient configuration must have at 
least a 3 1 -meter offset of the solar array to be 
gravity-gradient stable under tlie influence of 
aerodynamic torques with the solar array axis 
POP. The configuration shown uses a 36-meter 
offset, allowing an average of a 1 6-dcgrcc tilt of 
the mast to balance the average aerodynamic 
moment with gravity gradient. The cyclic 
momentum is sized to absorb the aerodynamic 
torques about the average value. The gravity- 
gradient concept requires an 1 1 ,900-pound bal- 
ance weight on a 100-foot boom to hold the 
vehicle in the lOP-solar inertial orientation. 

Remote Maiiipiilalor Syslein (RMS) 

The construction and operational characteristics 
of the RMS are sucli that care must be taken to 
ensure proper clearances and rotational freedom 
for eacli portion of the RMS arm, A typical pay- 
load deployment path is illustrated in Figures 1 8 
and 19. The elbow joint of the RMS arm bends 
in only one direction, similar to a human elbow 
joint; therefore, the kinematics of the RMS 
operation requires a rotation of the arm at the 
shoulder joint of the RMS to rotate the elbow 
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Ttilitc 4. Control Acliiiition System Sir.iiii; 


Concept 

Orionlotion 

Bias Momentum 
lFt.Lb.Scc/Orblt) 

Botonco 

Weight 

ILbl 

Cyclic 

Momentum 

iFt-Lb-Soc) 


IOP.Solor 

2555(*1 Without Balance Boom 

1560l*( 

* 3335CI 

1. Symmetric 

Inertial 

723CI With 2.D0F Balance Boom 

POP'Local 

530 With out BatoncoBoom 

1000 

630 


Vortical 

450 With 2-DOF Balance Boom 


IOP.Solor 

Inortlol 

6275 Without Balance Boom 

6060 

±0200 

2. Asymmetric 

2590 With 2-OOF Belonce Boom 



POP-t-Ocal 

Vortical 

4400 Without Balonce Boom 

2300 

6670 


1005 With 2-DOF Balance Boom 

3. Gravity 
Gradient 
t36-Mater 
Mast) 

Array Solar Inertial 
Most Tilted 
16° From Local 
Vortical About 
POP Axis 

34.320 Without Most Tilt 
or aalanco Boom 

6352 

2160 

440 With Balance Boom 
end Mast Tilt 

Array POP — 
Mast Tilted 
16° From Local 
Vortical About 
POP Axis 

22,150 Without Most Till 

1000 

1640 


440 With Mast Tilt 



•Typlcol Payload Deploymont Path: 



Position 

3. Roll to Ptubirth Position 



1.5 M Minimum Olstanco Botwoon Payload 
EnvulopQ and RMS Vortical Axis 


Figure 18. Typical Payload Deploymont Path 



Figure 19. RMS Reach Envelope 


ne.\unil direction (i.e., to be able to bend the 
upper part oftlie RMSr/oiivmvH'r/ forward of 
the shoulder joint). The ability to raise the 
complete RMS arm in a vertical direction is 
desirable so as to minimize interference of the 
arm with surrounding payloads; then the arm 
may be rotated any amount at the shoulder 
joint without obstruction. The bcrtliing struc- 
ture of the power module to the Orbiter has 
been designed to ensure these clearances. 
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Power Out pul 


With tlie power system sized for 35 kW, 28 VDC 
!it betii Si zero, a maximum ofdl kW is obtained 
in a 28,5-degrce orbit and 63 kW is obtained in 
a 55-degree orbit. 

The range of the OSM power module’s capability 
is affected by several factors. Power levels deliv- 
ered to the bus vary with the point in the design 
lifetime, the voltage level delivered, and the beta 
angle, whicli ciranges throughout the year and 
depends on orbit inclination and altitude. 

As illustrated In Figure 20, the power module 
rated power is 35 kW at 28 volts after 5 years of 
on-orbit operation, immediately after launcli, 
liowever, a minimum of 42 kW would be deliv- 
ered at 28 volts, a value of 20% higher than tltc 
rated power. The decay of this power to the 
rated level due to cell radiation effects is shown 
by the dashed line. 



Figure 20. Power Capability - 28.5° Inclination 


By changing the voltage from 113 to 168 volts 
Linreguiated, a further power increase is avail- 
able; 48.6 kW beginning of life (BOL), or 39% 
more than the rated power. The decay of tiiis 
nominal power level is illustrated by the smooth 
solid line. 

in addition, excunsions of beta angle from zero 
increase the percentage of time spent in sun- 
light per orbit. This increases the available 
power above the nominal (beta = zero) case. A 
5-year daily power profile of the OSM in a 
28.5-degree, 235-nmi orbit, and delivering 1 13 
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to 168 volts unregulated to the bus is shown by 
the spiked solid line. Peak capabilities of 55 kW 
are achievable at 28.5 degrees. 

The power can reach even higher levels (90-kW 
lange) at high beta angles as could occur in a 
55-dcgree orbit where the power module miglit 
be in constant sunlight for fairly long periods. 

liadlawr Dosim 


Another major consideration in configination 
design is the optimum location of the thermal 
control radiators on the OSM. Five locations 
were considered for each of the three reference 
design configuration options. Figure 21 illus- 
trates possible radiator locations for Configura- 
tion 1 . Radiator locations on the other configu 
rations studied were similar to those shown for 
Configuration 1. 



Figure 27. Candidate Radiator Locations 
(Configuration 1} 
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The concept tlnit locates the rncliators i^erpciuli- 
ciilar to the solar arrays is mechanically easy to 
stow and deploy inasmuch as they lie along the 
array boxes. Their proximity to the arrays, 
however, results in Incident heat on the radiators. 

The concept that locates the ratiiators parallel to 
the solar arrays is simple from a packaging stand- 
point; however, radiator area is increased, 
because the top side of the radiator is exposed 
to full solar lieat during the entire sun side of 
the orbit. 

The concept that locates the radiators on the 
boom perpendicular to the solar array is complex 
in regard to stowage and deployment, but inci- 
dent heat on the radiator is small. 

Locating the radiators on the OSM body can 
eliminate rotating Hiiid joints, but direct solar 
impingement can occur for some orientations. 

The bar gra))h in Figure 22 presents the radiator 
area requirements for the three configuration 
options and five candidate radiator locations. 
Radiators located perpendicular with offset and 
perpendicular on the boom require about 
600 ft- less area {single side) tiian if positioned 
at other locations. The radiator location perpen- 
dicular to the array is larger because of the heat 
energy that impinges on the radiator from the 
adjacent solar array. Locating the radiator par- 
allel to the array or on the OSM body results in 
direct solar impingement on the radiator for the 
design point, thereby increasing the area. Fig- 
ure 22 also gives the radiator area for each of 
the three alternative configurations. Areas for 
Configurations I and 3 are nearly the same for 
all radiator locations, but Configuration 2 is 
slightly different for most radiator locations. 

Figure 23 shows the effect of the thermal 
environment (sink temperature) on radiator 
area. The area increases rapidly for sink 
temperatures above 400°R. and goes to infinity 
as the sink temperature approaches radiator 
fluid outlet temperature of 500° R, 


Other considerations examined in addition to 
location and radiator area were drag, experiment 
scan angle, packaging, and complexity. Based 
upon all considerations, the perpcndicular-on- 
boom arrangement was selected for the full- 
capability “reference” configuration. 
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ORIGINAL page IS 
OP PfK)R gUAI.ITY 


AHAT SYSTEM DESIGN CONCEPT MEETS 
THE FULL CAPABILITY REQUIREMENTS? 


l-'itturcs 24 jiul 25 illiistrato a rulKapabilily 
“rcforciKv" OSM c«>nri|!uralion thal is based 
upon the analyses eundiicled by the study team, 
and that eoinbines all the preferred features. 



Figurt 24. Photo Sample 



• 36 KW EOL. 38 VOC Regulated Power 

• 43 kW Unregulated High Voltage 

• Symmetric Heat Retaction 

• Two Aeit GimtMl on Core Structure 

• Primary Orientation — Array Ami lYI 
in Ortht Plaria 

• Five Payload Berthing Porti — One 
Orbrtei Port 

• CMC Control — Rotatable Man Balanca 

• All Attitude ISequantiall Orientation ol Payloadt 

• Weight 38433 Lbi 


Figure 25. Full Capability Reference Concept 


The concept as illustrated can accommodate all 
reipiiremeiits identified to dale. The symmetric 
configuration is preferred from the designers’ 


viewpoint. It places the array axis in the orbit 
plane to minimi/e bias moments, and the bal> 
anced area mtmients minimi/e CM(i si/e. Sepa- 
ration between the wings provides for reiule/vous 
and departure plume clearance without the 
necessity of retracting the array. Separation also 
increases the payload field of view and allows 
for a more centralized mass, to minimize bias 
moments. A two-gimbal system would allow 
all-attitude payload orientation with full power 
in all altitudes. 


Both lOI'and I’OI* orientations can be used, 
and a mass balance would minimize (AKi 
desaturation. Placing the radiators perpendicular 
to the solar arrays minimizes the area and weight 
ret|uirements. By providing for berthing the 
Orbiler to the OSM core above the Orlhler 
cabin, the KMS reach on the Orbiler is adequate 
for payload berthing. 

.-Ml the configurations studied were compatible 
with pressurized or unpressurized access, single 
Orbiter launch, and payload bay stowage of the 
deployment mechanization. 


Total system weight !s another important consid- 
eration. The available preliminary information 
indicates that a concept similar to the recom- 
mended configuration would be the lightest. Sev- 
eral wing mast options are available for storage 
Hexibility, and the commonality of the solar 
array blanket with the earlier l*T I’ design is 
retained. Ultimate determination of the pre- 
ferred configuration must await further interac- 
tion with potential users to make certain that 
the full spectriiiii of mission requirements is 
accommodated. 

A more detailed illustration cf the central por- 
tion of the full-capability "reference” concept 
is presented in figure 2b. IT.e full-capability 
power module core contains a two-axis (beta 
axis and orbit rate axis) gimbal system, tlve 
payload berthing ports, one Orbiter berthing 
port, and subsystem installation areas. Tlie bulk 
of the OSM equipment is externally mounted on 
the body structure and covered by hinged 
thermal/meteoroid protective panels. 
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Covorv \Electronlcs 



Typical Equipment 
Module 


Figure 26. OSM • Full Copabillty Concept Coro Body 


All payload berthing ports and all subsystem 
installations are accessible to RMS reach from the 
Orbitcr’s berthed location. The Orbiter berthing 
structure is ofCset from the subsystem core’s 
vertical axis to facilitate operation of the RMS 
arm. Tlic berthing structure possesses standard 
payload attachment trunnions, which will attach 
to normal Orbiter payload attachment fittings. 


HOW COULD THE FULL-CAPABILITY 
REFERENCE CONCEPT BE DEPLOYED AND 
WHERE WOULD IT NORMALLY OPERATE? 


Figure 27 shows how the reference configura- 
tion would be folded and arranged for boost- 
phase stowage in the Orbiter payload bay. With 
forward being to the left in the ngurc, tlic power 
module is arranged to place the main body as 
well as the installed equipment, e.g., the batter- 
ies, toward the aft end of the Ojbiter bay for 
CG control. Tiie array structurf.i boxes are 


pulled up against the main body without pivot- 
ing. The standoff mast is folded double toward 
the front, and the radiator panels arc accordion 
folded and supported against each other tent- 
fashion over the module. 



Figure 27. Orbiter Stowage-Full Capability Concept 


Fi,' re 28 illustrates the sequence of uiistowing 
and automatically deploying the OSM from the 
Orbiter through orbit ptaccmenl. After grap- 
pling with the RMS (1), the OSM is translated 
and pitched to a vertical position, the Orbiter 
interface legs arc deployed, and the OSM is 
placed in the Orbiter’s payload retention fittings 
(2). After an umbilical connection has been 
made with the Orbiter at one of the legs, the 
radiator support restraints arc released and the 
standoff masts are extended (3). The solar array 
panels arc then deployed, systems are checked, 
and gimbals arc exercised (4). When final orbit 
is achieved, tlicOSM is activated and released, 
and the Orbiter departs (5), 


Deployment assisted by extravehicular activity 
(EVA) is somewhat similar to the sequence 
sliown in the figure; however, assembly occurs 
at various points. In one concept being studied. 
Steps 1 and 2 arc identical, except the eqiiip- 
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mcnt module docs not contain booms, radiators, 
and array assemblies. Tl)c HVA crewmen assist 
in Steps 1 and 2 witli maiuially latdilng opera* 


0 Gruppla OSM 



© 


) Unstow, Doptov Orbitor l/F 
Structure, Herd Mount 



Roloesc Radiator Restraints 
and Deploy Standoff Mast 



Pivot and 
Unfold 
Lower 
Radiator 


(J) Deploy Array Panels 



Figure 28. Power Module Deployment 


lions and assist the RMS operator. After llic 
equipment module is mounted, the boom seg- 
ments are moved into place, aligned, and 
fastened. The segments can be moved by cither 
the RMS or tlic Manned Maneuvering Unit, but 
the RMS is prefcrrcti to reduce MMU fuel con- 
sumption. IiVA-assisted deployment continues 
wilii the installation of array boxes and radiators. 
Several approaclies are being considered for 
deploying the array.s, including assembly of 
array booms, manual deployment, orclectro- 
mcclnmieal deployment using a portable battery- 
powered electric motor. 

Tlic major factors that would influence the 
selection of the orbit inclination for an orbiting 
power module arc summarized in Figure 29, 

User requirements span tlic 28.5-degrcc-to-sun- 
synchronous (~98-dcgree) region, with emplui- 
sis at life extremes. In the October 1977 Traffic 
Model, 1 59 (66%) of the missions arc to be flown 
at 28.5 degrees, 30 (12%) at any inclination and 
52 (22%) at the polar region. Future support of 
geosynchronoiis-boimd missions would require a 
28.5-dcgrec location. 
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Figure 29. Orbit Inclination Selection 
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Orbitor iKM'tbrniiincL' (p;tylo:iil) is reliiled to 
indiiKition In that inclination arfects the altb 
tilde that can be down. l**or do\vn-\veit|hl 
limited missions, the incltnatlon capabilities are 
as shown (32,000 pounds can be delivered to 
and returned IVoni orbits up to 95>dcgrce incli- 
nations.) Delivery missions (not constrained to 
planned landing weight re.strictions) are alTccted 
by inclination and altitude as .shown. More 
capability is available for the lower-inclination 
missions. 

The electrical pcrrorniance of the power module 
is dependent upon beta angle, which is directly 
related to inclination. More sun time at higher 
beta angles thus allows higher perl’ormance on 
higher inclination missions. 

On the basis or the above data, the power 
module must be designed to be compatible with 
the full range of orbit inclinations (28. 5 to 98 
degrees). This would permit the accommoda- 
tion of any parllcitlar inclination that subse- 
quent analysis and program decisions would 
dictate. 'I’he power module would be nomi- 
nally positioned at 28.5 degrees to accommo- 
date the widest range of users, to be available 
to serve and take advantage of the majority of 
the planned Orbiter llights, and to ei.^ure that 
the lowest power output condition is adequate, 

The orbit altitude range for the power module 
was .selected based on the parameters illustrated 
in Figure 30. No distinct user re(|uirements 
were found to directly inllucncc the altitude 
.selection. 

Orbit-kecjiing required (to counter drag) is a 
strong I'unclion of altitude and solar cycle. The 
amount needed rapidly incrtascs for altitudes 
below 210 nmi. 

Orbiter performance reduces with increasijig 
altitude (shown for integral QMS capability). An 
altitude of 220 nmi would allow maxinium 
Orbiter capability. The maximum net weight 
delivered (considering payload delivered minus 
reboost requirements) would indicate an alti- 
tude in the 215-nmi range. 



Orbit lifetime parameters are al.so shown. A 
contingency lifetime (in the event of Orbiter 
unavailability) of 6 months to 1 year would 
seem to be desirable. This would dictate a min- 
imum altitude of 210 nmi (6 months) or 230 
nmi (1 year), provided the power module could 
be Ilown svith the arrays feathered. The cap- 
ability could be extended by incorporating 
array retraction capability and/or a contingency 
reboost system. 

A periodic rcboost capability of about 20 nmi 
is compatible with candidate reboost concepts. 
This would require a rcboost interval as shown, 
i.e,, 60 to 90 days for the 215- to 240-nmi range. 

A power module operating altitude from 220 to 
235 nmi was .selected ba.sed on these data, This 
would allow full Orbiter performance capability 
and require reboost intervals from 85 to 150 
days, depending upon .solar activity. In addition, 
a contingency lifetime of 250 days in the 
feathered condition or over I year retracted 
would be ensured. 











WHAT ARE THE BASIC PROGRAMMATIC 
OPTIONS AVAILABLE FOR THE DEVELOP- 
MENT OF FUTURE SYSTEM CAPABILITY? 

It is expected that the nation’s funding for nesv 
space programs and extensions of existing pro- 
grams will coiitiiuie to he limited and higlily 
competitive in tlic foreseeable future, it is, 
tlierefore, essential that proposed new develop- 
ments clearly reflect the requirements of tlic 
user community and tliat tlie proposed users 
represent a real and viable market. We must rec- 
ognize tliat payload requirements arc just now 
emerging for the post-1984 period, although the 
needs for electrical power and increased orbital 
stay time in tlic near term appear llrm. Design 
cannot lead requirements but rather must evolve 
as requirements are e.stablished; lluis, continuing 
OSM activity on frce-llying power modules, bolli 
in the development of user requirements and 
tlic definition of power module conceiits, slioiild 
be responsive to realistic user needs. Specifica- 
tion of more advanced systems awaits the devel- 


opment of a consensus of real user needs. When 
such programs evolve, tlicy should be predicated 
upon a realistic evolutionary growth, taking 
advantage of the existing state of knowledge and 
leclinology. Hacli step can then rcpre.sent a 
relatively small increment in expense. Decisions 
to commit to the next step in liardwarc devel- 
opment can be made in sequential fashion and 
need not be made until the requirement has 
been llrmiy cstablislicd. 

I'igure 31 prolrays tlirce optional growth patlis 
predicated upon this requirements-oriented evo- 
lutionary approach. In cacli case, the initial step 
is the development of PEP to meet currently 
defined requirements. 

As experience is developed and tile requirements 
of longer-term payloads arc establislied, one 
option might be to procure two additional PEP 
units and develop a power module for use in a 
28,5'dcgree orbit for tlic 1984 time period and 
beyond. 
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Figure 31. Candidate OSM Program Options 
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Tlic review of user requirements noted that many 
projected payloads that can beneficially use long 
stay times In orbit require relatively low power, 
These include earth and solar observations, 
astronomy, and life sciences. Preliminary data 
suggest tiiat up to three or four payloads in these 
categories could be supported tor about 1 2 to 
13 kW, Additionally, some of those payloads 
require very high orbital inclinations or altitudes, 
Tims, a second option would be to procure one 
additional PIvP if the use level so indicates, then 
proceed in to a full'power module in a 
28. 5-degree orbit. This would be followed in the 
mid-1 980’s by development of a smaller frcc- 
llyer (intermediate-power module) for servicing 
payloads in polar orbit oniy. 

A third option would be to follow tlic initial 
PEP with the development of intermediate- 
power modules for free-flying payloads in 28.5- 
degree and polar orbits, deferring the develop- 
ment of tile more sophisticated power module 
until tlie need was clearly established in the 
late I980’s. 

It is recognized that new mission requirements 
will continue to evolve as experience in space 
operations Is accumulated. By designing inher- 
ent capabilities for growth into the basic OSM, 
its useful operating life can be oxtein'ed indefi- 
nitely, Variations for the full-capability 35-kW 
reference module possible in later years might 
include adding provisions for the simultaneous 
orientation of muitiplc payloads along different 
axes and uprating the system to provide 100 k\V 
of power or more. 

Tlie alternative development strategics available 
to further uprale the full-capability OSM are 
summarized in Table 5, They include on-orbit 
uprating techniques as welt as the more conven- 
tional ground-based and new vehicle design 
growth teehniques. It is important to note that 
all the alternative approaches can result in total 
program savings through the use of common 
evolutionary subsystems if program continuity 
is maintained. Bach, however, lias unique 
advantages and disadvantages. 

On-orbit growth can be accomplished by either 
replication or addition of subsystems. By repli- 


cation. another identical OSM is constructed 
and attached to the existing vehicle with a suit- 
able adapter. Addition of .subsystems on orbit 
does require tliat the provisions for on-orbit 
modifications be de.signed into the initial OSM. 


Tallies, OSM UpnidiigStrulcgicN 


Upratino 

Technique 

Advontages 

Diiadvoniegos 

|On Orbit) 

Ropllcatlon/Slomoto 

Twin 

Addition o( 
Subtyuorm 

Low Initial 
Cost 

Minimum 
Cost at 
Time of 
Uprating 

• Limited Size Flexibility. 

• Geomoiry Limitations 

Introduce Operational 
Llmltotloni 

• Initial Cost 

• Pracileol Limitotlont to 

SIzool Growth 
Incromontt 

• Limited Flexibility 

Ground-Based 

Uprnting 

Low Initial 
Cost Groat 
Flexibility 

• High Cost ot Time ol 

Uproling 

• Large System 



Low Initiol 
Cost 

• Down Time 

• High Cost at Time ol 

Uprating (Unless 
Earlier OSM Is Still 
Roqulredl 

New Vehlcie Bated 
on Common 
Subsystem 



In review, any one of the uprating strategics may 
prove to be best and none sliould involve signifi- 
cant initial costs unless the on-orbit addition of 
subsystems Is carried to an extreme. Since tlie 
longer-rangc mission requirements will probably 
not be fii'in when an OSM design study is initi- 
ated, preliminary plans, based upon the emerg- 
ing requirements scenarios, should be formu- 
lated for each. Wlien requirements are firm, the 
optimal development and operation plans can 
be selected, and the basic design approach can 
be frozen. 

Preliminary analyses suggest a fairly linear 
rclalionsiiip between power level reciuired and 
system cost in the range of powci- levels con- 
sidered in the study. Figure 32 summarizes the 
relative costs that might be expected for (he 
power distribution subsystem and the solar array 
subsystem. 

When programmatic costs are conskiercci, the 
development and production costs lV?r PEP arc 
about S47 million in 1978 dollars Figures 33 
and 34) and about $139 million in 1978 dollars 
for tilt full-capability reference design power 
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muhIuIc. I hoM.* rundititi: ixHiuirciucnts may he 
r(*Jiiccd hy lakinut advaniage uf the tact lhal 
I'cwcr cry*igetiic lank sets will need to he pn>- 
aired, and common development of solar arrays 
and masts, power conditioning, and distrihulion 
ei|uipment, and gimhal components (see Figure 



Fiqure 32. Electrical Power Subtyitem Colt Seniitivity 



35) w ill lead to further reduction of overall pr«>- 
gram costs. It is estimated in the case of the ini* 
lial PI P, for example, lhal the $47 million 
wouid in reality reflect only a $21 million net 
increase, since some $26 million would he 
related to reduction in cryogenic lank set orders 
and common -quipmeni development with the 
|H)wer nuKlule program. If initialed in FY 80, 
the development of IM P could he con ,ta»ihle 
with the capture of the currently scheduled 
Spacelah 2 mission. 



Figure 34. Cost — Milliortt of 1978 Dollars 
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SUMMARY AND CONCLUSIONS 


1 


The systems concepts developed in this study are 
logical building blocks in an evolutionary plan to 
provide nure orbital capability (power and mis- 
sion duration) to potential Space I ransportalion 
System users in timely fashion and m the most 
economical manner possible. 

The intent of the OSM evolutionary approach is 
to ensure good balance in the use of (he tremen- 
dous flexibility offered by the Orbiter baseline 
configuration, through provision of payload ser- 
vices such as delivery and return weights, power, 
cooling, orbit location, attitude control, and 
duration. 


operation in a free-flying mode, communications 
and data avicaics subsystems, in addition to 
those noted, are added to provide all required 
payload services. 

The “full-capability" power module would pro- 
vide 35 kW indefinitely and sulficient heat dissi- 
pation to allow payloads to use the power capa- 
bility. In this “full-capability" power system, all 
Orbiter payload operations would be supported 
completely independent of the Orbiter It is 
important to note that the full-capability Orbital 
Service Module concept can be implemented, 
with components developed in the initial Power 
Extension Package at power levels between I 2 
and 60 kW, without a firm sizing decision for 
the “full-capability" system being required dur- 
ing this initial development step 


The first step in the OSM program is an Orbiter 
improvement, one that develops the major com- 
ponents of later orbitally stored systems such 
as solar arrays, and power conditioning and dis- 
tribution equipment. The first step provides 
for power levels of 21 to 2‘) kW while the OSM 
is illuminated by the sun. The iniMal step in th'* 
OSM development, the Power lixtension Pack- 
age is deployed by the Remote Manip. lator Sys- 
tem, thus permitting maximum fiexibility in 
array pointing such that payload and thermal 
control radiator attitude requirements can be 
accommodated. The fuel cell and cryogenic 
system still provide power during dark-side oper- 
ations. This first Orbital Service Module incre- 
ment increases the baseline Orbiter capability 
from about 6-day721-k\V missions to 20-day/ 
29-kW sorties. The array is stored for boost 
a:: 1 entry immediately forward of the Spacelab 
in the spice above the tunnel. 

As payload power requirements increase beyond 
the levels provided by the initial program, incre- 
ment weight and volume considerations make 
storage of the power system on orbit appear 
favorable. Thus, the next step is an orbitally 
stored module that uses solar arrays, power con- 
ditioning and distribution equipment, and sun 
tracker and associated avionics developed dur- 
ing the first program step, together with new 
subsystems for thermal and attitude control. 

It can support payload operations in both Shut- 
tle-tendef^r d free-tlyer (untended) modes. For 
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As indicated, the primary design objective in the 
earjy stages is to provide fiexibility so far as pro- 
gram growth steps are concerned Hence, exact 
characterjstics in later program increments will 
not be frozen until the commitment to that step 
is made, it should also be noted that the Orbital 
Senice .Module program concept contains an- 
other element of llexibiliiy- the ability to repli- 
cate a current or previous increment at any 
point in the program. Thus, as the pace of or- 
bital operations quickens, additional modules 
that are essentially tailored to the exact require- 
ments can be procured. 

In summary, the payload requirements in the 
1981 -to- 1984 time frame for power and orbital 
durations are well understood. Furthermore, 
the key variables and design drivers affecting 
configuration definition are known. In particu- 
lar, the interrelationsiiips between arri y sizing 
and geometry, control svstem sizing and pay- 
load orientation, and field-cf-\iew reijuir'.ments 
have been established. With these relationships 
quantified, the impact on alternative design 
concepts that variations in key mission require- 
ments and in funding availability will have can 
be readily assessed. 

For beyond the 1984 time period, the pay load 
requirements are still emerging, and continuing 
studies to establish requirements for those more 
advanced payloads are necessary to define in 
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more specilic detail their power, orientation identified. The initial development of the Power 

I'leldHif-view, and ttvneral operational environ- I xtension Package concept would revilve all 

ment. queNtions on the solar arrays, and the most si^t- 

nificant items remainiiiK deal with the specifics 
I'o date, no technological harriers to the accom- of design and development of the mechanisms 

plisliMient of the evolutionary plan have been for the full-capabihty c«»ncepts. 



